Relaxing the nicotinamide cofactor specificity of phosphite dehydrogenase by rational design.
Homology modeling was used to identify two particular residues, Glu175 and Ala176, in Pseudomonas stutzeri phosphite dehydrogenase (PTDH) as the principal determinants of nicotinamide cofactor (NAD(+) and NADP(+)) specificity. Replacement of these two residues by site-directed mutagenesis with Ala175 and Arg176 both separately and in combination resulted in PTDH mutants with relaxed cofactor specificity. All three mutants exhibited significantly better catalytic efficiency for both cofactors, with the best kinetic parameters displayed by the double mutant, which had a 3.6-fold higher catalytic efficiency for NAD(+) and a 1000-fold higher efficiency for NADP(+). The cofactor specificity was changed from 100-fold in favor of NAD(+) for the wild-type enzyme to 3-fold in favor of NADP(+) for the double mutant. Isoelectric focusing of the proteins in a nondenaturing gel showed that the replacement with more basic residues indeed changed the effective pI of the protein. HPLC analysis of the enzymatic products of the double mutant verified that the reaction proceeded to completion using either substrate and produced only the corresponding reduced cofactor and phosphate. Thermal inactivation studies showed that the double mutant was protected from thermal inactivation by both cofactors, while the wild-type enzyme was protected by only NAD(+). The combined results provide clear evidence that Glu175 and Ala176 are both critical for nicotinamide cofactor specificity. The rationally designed double mutant might be useful for the development of an efficient in vitro NAD(P)H regeneration system for reductive biocatalysis.